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ABSTRACT: 

1313928 Automatic position control of floating vessels DECCA Ltd 6 Sept 1971 [4 June 1970] 
27046/70 Heading G3R [Also In Division G4] The position of a marine craft 10 (an oil tanker) 
relative to a reference point, e.g. on a drilling platform, and its heading, are controlled by at least 
two directional thrusters 13 which are operated in response to co-ordinate error signals derived 
from a range and bearing determination system comprising at least a transmitter and receiver 14 
on the vessel co-operating with a transponder 1 5 at the reference point in con- junction with 
signals representing the desired position with respect to the reference point, and to a compass 
heading signal. The thrusters may be directionally adjustable propellers, but pre- ferably are 
vertical blade, vertical axis pro- pellors of adjustable pitch. Three control signals are derived, 
namely compass heading error and position errors in the fore-and-aft and athwart- ships 
directions respectively. The two latter signals are produced by an "error signal unit' having inputs 
of desired bearing and range, the compass, and the actual bearing and range. In Fig.2 (not 
shown) both the latter are determined by transmitting radio waves from a rotating, directional 
aerial, modulated at low frequency, which are returned by the transponder 15 (which is battery 
powered). The received signal is compared in phase with that transmitted to deter- mine range, 
the bearing being obtained from the instantaneous position of the aerial at reception. In Fig. 3 
(not shown) the transmitter is of radar type, using a non-directional aerial, and is used for range 
only. For bearing determination a vertically fan-shaped laser beam is produced and continuously 
rotated about a vertical axis by a device which also produces bearing data pulses. Reflectors are 
set up on the vessel and at the reference point and the number of pulses which occur between 
reception from the two reflectors are counted, the count being a measure of the bearing. 
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(71) We, Decxa Limited, a British 
Company, of Decca House, 9 Albert Em- 
bankmeDt. London, S.E.I, do heid)y deckre 
the invention, for which we pray that a 
patent may be granted to us, and the method 
by which it is to bo perfonned, to be par- 
ticularly described in and by the followSng 
statement: — 

TMs invention relates to apparatus for 
automatically controlling the positioning of 
a marine craft with respect to a fixed struc- 
ture or another ship. 

It is often required to hold a ship a short 
distance away from a fixed structure or poss- 
ibly another sMp, for example, for loading 
or unloading an oil tanker at a supply ter- 
manal or pipeline on a structure, e.g. a drill- 
mg rig, to which the ship cannot be moored 
. In our earlier Specification No. 1,173,442, 
there is described and claimed apparatus for 
controlling the positioning of a water-%ome 
vessel comprising the combination, in the 
vessel, of at least two vertacal blade vertical 
axis variable pitch propellers spaced apart 
in tile vessel, a receiver for a radio position 
fixing system providing two electrical output 
signals repres^ting the co-or<iinates of the 
position x>f the vessel, means determining 
the heading of the vessel, position signal 
generating means providing time-varying out- 
put signals representing the co-ordinates of 
a required position of the vessel which posi- 
tion changes with time to represent the re- 
quired track of the v^el, error detennining 
means comparing the signals from the said 
receiver with the signals representing the re- 
quired position and providing co-ortfinate 
error signals, resolving means controlled by 
the heading determining means for resolv- 
ing said error signals into components along 
the fore-and-aft and athwart^dps axes ol the 
vessel and control means controlling the 
pitch of said propellers in accordance with 
the error signal components from said re- 
solving means so that the propelleis move 



the vessel in a tiirection to mmimise the 
error signals. 

More particularly there as described appar- 
atus m which the radio position fixing s^tem 
as a two-range system in which equipment 50 
on the vessel co-operates wMi two slave sta- 
tions at known spaced locations. Such atJ- 
paratus can thus 5)e used in areas where 
the necessary radio petition fbdng facEiUes 
are available at smtal>le known locations 55 

It as an object of the present invention'to 
provide an improved form of apparatus for 
^ ^ px^Jdected position a 
short distance away from a fixed pomt or 
another vessel. 60 

A<xording to the present invention, appar- 
atus far controHing the position of a nSlme 
craft comprises the comWnation in the craft 
of at least two directional thruster units 

spacoi apart in the craft, a range and bear- 65 
mg detennmation system having a trans- 
mitter and a receiver on the craft co-operat- 
mg with a tram^onder beacon at a reference 
pcmt to determme the range from the trans- 
porter beacon and having means for deter- 70 

from the yessd, compass means on the craft 
to determme the heading of the craft, error 
detennomng means utilising the m^ured 
range and bearing togedier with thT^m^ 75 
S^^L f'^'^ conjunction with signals re- 
pr^eniang the reqmred position of the craft 
with respa:t to the reference point to pro- 
vide coorchnate error signals, and control 

^^^^^ accordance 
with the coordmate error sfenals so that the 
thruster umts move the craft m a direction 
to minimise ^e error signails and to main- 
^r^^J^"^^ ^^^S of the craft 85 

With the apparatus of the preset inven- 
non, apart jfrom the equipment on the vessel 
at as necessary to have suitable transponder 
means at one reference pomt only; as will be 
descnbed later, these means may be portabh 
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so that a vessel can be readily held at 
any required distance and bearing from a 
chosen point without any necessity for per- 
manent radio position fixing means at fixed 
5 locations. 

The directional tfaruster umts may be pro- 
peller units giving a horizontal thrust, the 
vmts each being mounted for rotation about 
a vertical axis to enable the direction of 

10 thrust to be controlled. Convenientiy how- 
ever vertical blade vertical axis propellers 
with variable pitch blades are employed 
abling the direction and magnitude of the 
thrusts applied to the craft by each pro- 

15 peller to be controlled by adjustment of the 
pitch of the blades as they rotate. Two suoh 
propellers, one in the bows and the other 
in the stem, may be adequate but, for large 
vessels, it is preferred to employ four such 

20 propellers, one on each side of the vessel 
at file bows and one on each side of the 
vessd at the stem. Control of these direc* 
tional thruster imits enables the heading of 
the craft to be controlled automatically as 

25 weH as permitting adjustment of the position 
of the craft by mav&oasnt in any du-ectaon 
as required. 

Preferably the direction thruster umts are 
letractaiWe so that, when not required for 

30 us^ they may be withdrawn into the hull 
of the craft to reduce drag. 

The transponder is convenientiy made as 
a seK-powercd, e.g. battery-powered, port- 
able omit For the short ranges requured for 

35 holding-ofE tankers whilst loading or unload- 
ing tius portable transponder unit may be 
carried on the tanker and, when the vessel 
arrives at the loading or unloading station, 
slung by means of a derrick onto the load- 

40 dng or unloading st^on. The aerial system 
for die transponder need not be highly direc- 
tional and therd^ore it need not be accurately 
aligned. If a direclional aerial is ^ployed 
for the transponder, provision may be made 

45 for adjusting it to the required direction, 
either manually on setting up the equipment 
at tile reference point or automatically, e.g. 
by a remote control system from the craft 
or the aeriad may be aligned autraiatically 

50 on the transmitter on the craft 

The range and bearing determination sys- 
tem may comprise radio range determining 
means and a separate bearing determination 
means. In this case, the bearing determma- 

55 tion means may comprise a means on the 
craft producing a laser beam, tihe beam beting 
fan shaped in a. vertical plane and rotated 
about an upri^t axis, first beam reflector 
means on the craft, second beam reflector 

60 means at the reference point, light respon- 
sive means on the craft for receiving the re- 
flected laser beam from said r^ectors, and 
means for determining the difference between 
the angular directions of the beam at the 

65 instants when reflected signals are recdved 



from tile two reflectors by said light respon- 
sive means. ^ . , 

Alternatively tiie range and bearmg de- 
termination system may comprise a radio 
system determining both range and bearing, 70 
the receiver on tiie craft employing a direc- 
tional receiving aerial and, in this case, align- 
ing means may be provided on the craft 
responsive to tiie received signals for auto- 
matically maintaining tiie direction of the 75 
receiving aerial on the craft aliped on the 
transponder at tiie reference pomt 

The radio range and bearing determination 
system may be a radar system, the trans- 
ponder being a radar transponder. 80 

More g^erally however, it is convenient 
to use a pulsed radio trananitter on the 
craft and time delay measuring means for 
measurmg the time delay between tiie trans- 
mission of pulses and the reception of cor- 85 
respondn^ agnals from the transponder. 

In another arrangement, the radio range 
and bearmg detemmation system is a low 
frequency phase comparison system with the 
low frequency signals modulated onto much 90 
higher frequency signals so permitting of 
highly directional aerials being employed. In 
this case, directional aerials may be employed 
for the transmitter and receiver on die vessel 
and these aerials are preferably mounted 95 
together so tiiat they point in the same durw- 
tion and provision is made for automaticaHy 
keeping the receivuig aerial aligned on the 
transmitter on tiie reference pOTit The aenal 
system on tiie craft may be connected to 100 
a bearing data transmitting system for trans- 
mitting tiie bearing data to a control unit 
where the bearing data is combined with 
the headmg data, for example from a remote 
transmittii^ gyro compass, to deteimine the 105 
bearing of the reference point from tiie craft 
Tbe range and bearing determinations may 
then be compared witii the range and bear- 
ing values for the required position of the 
craft, set in witii adjustable controls, to pro- 110 
vide the error signals. 

Convenientiy resolving means are pro- 
vided for resolving the error signals mto 
components in tiie fore-and-aft and atiiwart- 
ships directions of the craft to provide posi- 115 
tion error control signals and, for controUing 
tiie headmg of tiie craft, a comparator may 
be provided to give a heading error ^gnal 
by comparing tiie heading of the craft as 
detennmed by tiie compass witii tiie required 120 
heading set on a manual control. The head- 
ing error signal may be applied to botii bow 
and stem propellers so as to give thrusts in 
OTposite atiiwartships direction to adjust tiie 
headmg of tiie vessel. The position error 125 
signals may likewise be applied to appropri- 
ate propellers to move tiie vessel m tiie re- 
quired directdcMi. ^ 

In tiie f oUowmg descnpti(Mi, reference will 
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be made to the accompanying drawings in 

Figure 1 is a diagram illustrating the posi- 
tion in ^ch an oil tanker is to be hdd with 
respect to a drilling rig; 

Figure 2 is a block diagram illustrating 
one form of equipment employed for con- 
trollmg vertical blade vertical axes propel- 
lers on a vessel; and 

Figure 3 is a block diagram simsilar to 
Figure 2 but illustrating ano&er form of 
eqmpment. 

In Figure 1 there is shown a tanker 10 
which has to be hdd close to a drilling rig 
haivmg a platform 11 on four legs 12 For 
the transfer of oil, the tanker has to be 
held close to the drillmg rig. Th& tanker 
however cannot be moored to the rig and 
It must not come in contact herewith. For 
the positioning of the tanker, it is provided 
with two directional thruster units, e.g. vari- 
able pitch vertical blade vertical axis pro- 
peller units 13. In some cases, it may be 
preferred to provide four such units; these 
du-ectional thruster units may be retractable 
mto the hull to reduce drag when they are 
not in use. The propeller units are con- 
trolled, as will be described with reference 
to Figure 2. by a radio range and bearing 
determindng system which includes a trans- 
nritter and receiver unit 14 on the tanker 
and a transponder unit 15 on the platform 
12. The transponder unit 15 is a portable 
battery-powered unit which would be carried 
by the vessel until it was required for use. 
It may readily be slung from a derrick and 
deposited on the platform 11. The trans- 
ponder unit has an aerial which may be 
directional; if so the unit has to be positioned 
with the aerial facing in the required direc- 
tion towards the transmitter and receiver 
unit 14 on the vessel. In thds case, the unit, 
or Its aerial may be positioned manually 
or remote control means may be provided 
for controlling, from the vessel, the bearing 
of the transponder aerial. 

Referring to Figure 2, the portable trans- 
ponder unit at the reference point is shown 
at 20 with a receiving and re-transmittong 
aenal 21. Hie remainder of the equipment is 
on the vessel. This includes a transmitter 
22 for transmittmg signals to the transponder 
and a receiver 23 for receiving signals from 
the transponder using a directional aerial 24 
which is rotatably driven by a bearing drive 
25. In this particular embodiment, the range 
determination is effected by a phase com- 
parison system. Low frequency continuous 
wave signals are modulated in the trans- 
mitter 22 onto a much higher frequency 
conveniently a microwave frequency and are 
transmitted to the transponder 20 which 
recewes and re-radiates the low frequency 
sign^ as a modulation on a different carrier 
frequency. The transponder includes phase 
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control means for holding the fdiase of the 
re-radiated low frequency modulation fixed 
with respect to the received modulation 
signals. 

On the vessel, the re-transmitted signals 
are received by the directional aerial 24 
and fed to the receiver 23 where they are 
de-modulated and fed to a phase comparator 
26 to be compared in phase with the origin- 
ally transmitted modulation to provide an 
output representotive of the range to the 
transponder, this output is fed to an error 
signal umt 27. Into thds unit 27 are fed also 
a requu-ed range signal from an adjustable 
signal generator 28 producing a signal repre- 
sentative of the required range, a heading 
signal from a gyro transmitting compass 29 
a requured bearing signal from an adjustable 
bearmg signal transmitter 30 and bearmg 
data from a bearing data transmitter 31 
The bearmg data transmitter 31 provides a 
signal representative of the actual bearing 
Of the receiving aerial 24 from the trans^ 
ponder aenal 21 and, for this purpose die 
aenal 24 is kept automatically aligned on 
the transponder transmissions utilising an 
automatic bearing control unit 32 which is 
responsive to the received signals and con- 
trols the bearing drive 25 to maintain the 
aenal alignment. 

^ The error signal unit combines the input 
signals from the compass with the deter- 
mmed range and bearing to give position 
signals m orthogonal coordmates which are 
compared with the signals representing the 100 
required position to give position error sig- 
nals m the direction of the heading of the 
vessel and transversely thereto. These posi- 
tion error signals are fed to position error 
s^al amplifiers 33 and 34. A heading error 105 
signal amplifier 35 provides an output ob- 
tained from the gyro compass 29 and a re- 
qmred heading signal generator 36 The 
three signal amplifiers 33, 34 and 35 provide 
mputs to a combining and resolving unit 37 110 
providmg control signal outputs on leads 38 
for the directional thruster units. 

Figure 3 illustrates another form of equip- 
ment using a pulse transmitting system for 
range detenmnation. In Figure 3. the same 115 
reference numerals are used as in Figure 2 
to indicate similar components. In the fol- 
lowmg description reference will only be 
made to the distinctive features of Figure 3 

A pulse transmitter 40 radiates short dura- 
tion radio pulses from an aerial 41 on the 
craft These are received by a transponder 
42 and, after a fixed delay, are retransmitted 
back to a receiver 43 on the craft The 
transmitted pulses may be coded and the 125 
transponder arranged to respond odly to the 
selected code. Similariy the transponder may 
radiate a coded response which is decoded 
by die receiver 43. The time delay of the 
transmission path ds determmed by time 130 



120 



4 



1,313^28 



.. delay detennination means 44, tbe ou^ut of 
whidi lis fed as range data to the error 
signal unit 27. 
The pulse signal receiver 43 may employ 
5 a directional aerial for determining bearing 
data in the manner described with reference 
to Figure 2. In Hgure 3 an alternative ar- 
rangement is illustrated using a separate 
bearing determination system, thereby enab- 

10 ling a ndn-dircctional aerial 41 to be used 
for the range measuring equipment The 
bearing detennination is ^ected, dn the ar- 
rangement of Hgure 3, by using a laser 45, 
the beam of which is made fan-shaped in 

15 a vertical plane by a lens 46. Hie laser 
beam is rotated continuously about an up- 
right axis by a bearing dmo 47. A first 
reflector 48 is mounted on the craft and a 
second r^ectof 49 is put at the reference 

20 point The lig^t from the laser beam is re- 
flected back from these reflectors 48, 49 to 
a photo-sensitive receiver 50 and the two 
signals forming the output from this receiver 
50 are used to start and stop a counter 51 

25 "counting pulses from a bearmg data trans- 
mitter 52 driven in synchronism with the 
rotation of the laser beam. The counter out- 
put thus provides a bearing measurement 
which is fed to the error signal unit 27. The 

30 error agnal unit receives also an input from 
a compass 29, and. required range, bearing 
and heading inputs from units 28, 30 and 
36 and processes these signals, as described 
with reference to Figure 2. to control the 

35 directional thrusters. 

. . WHAT ^ CLAIM IS: — 

1. Apparatus for controlling the position 
of a marine craft comprising the combina- 

. tion in the craft of at least two directional 

40 thruster units spaced apart in the craft, a 
; rangc-and bearing determination system hav- 
ing a transmitter and receiver on the vessel 
co-operating with a transponder beacon at 
. a reference point to determine the range 

45 from the transponder beacon aud having 
. means for determining the bearing of the 
reference point from the vessel, compass 
means on the vessel to determine the head- 
ing of the craft, error determining means on 

50 the vessel utilising the measured range and 
bearing together with the compass heading 
in conjunction with signals representing the 
required position of the craft with respect 
to the reference point to provide coordmate 

55 error signals, and control means controllmg 
the -direction of thrust of the directional 
thruster units in accordance with the coordm- 
ate error signals so that the thruster units 
move the craft in a direction to manimise 

60 the error signals and to maintain the re- 
quired heading of the craft 

2. Apparatus as - claimed in claim 1 
wherein the range and bearing detennination 
system comprises radio range determining 



means and a separate bearing determination 65 

means. , . « 

3. Apparatus as clauned m claun 2 
vrfierein the bearmg determination means 
comprises means on the craft produdng a 
las» fceam^ 1h& beam being fan-shaped in a 70 
vertical plane and rotatirai^ about an up- 
ri^t axis, first beam , reflector means on the 
craft, second beam reflector means at the 
r^errace poant, light responsive means on 

the craft for rec^vdng the r^ected 'laser 75 
beam from said reflectors, and means for 
determining the differenec between the angu- 
lar directions of the beam at the instants 
when reflected signals are recdved from the 
two reflectors by said li^t responsive means. 80 

4. Apparatus as claimed in claim 3 
wherein the means for determining the dif- 
ference between the angular cHrections com- 
prises a counter for determining the rota- 
tional angular movement during the time 85 
interval between the reception of reflected 
signals 'from the two reflectors.^ 

5. Apparatus as clauned dn clahn 1 
wherein the range and bearing determination 
system comprises a radio system determinmg 90 
both range and bearing, the receiver on the 
craft employing a directional receiving aerial 
and wherein aligning means are provided 

on the craft responsive to the recdved signals 
for automatically maintaining the direction 95 
of the receiving aerial on the craft aligned 
on the transponder at the reference point 

6. Apparatus as claimed in claim 5 
wherem the radio range and bearing deter- 
mination system is a radar system, the trans- 100 
ponder being a radar transponder. 

7. Apparatus as claimed in any of claams 
1 to 5 wherein the range and bearing deter- 
mmation system includes a pulsed radio 
transmitter on the craft and time delay 105 
measuring means for measuring the tune 
delay between the transmission of pulses and 
the reception of corresponding signals from 
the transponder. , 

8. Apparatus as claimed m claun 5 iiu 
wherein the radio range and bearing deter- 
mination system is a low frequency i^iase 
comparison system with the low frequency 
signals modulated onto radio frequency sig- 
nals of much higher frequency. 115 

9. Apparatus as claimed in claim 8 and 
having <firectional aerials for both the trans- 
mitter and receiver, these aenals being 
mounted togetiier so that they point in the 
same direction. . 

10. Apparatus as claimed in any of the 
preceding claims wherein resolving means 
are provided for resolving the error signals 
into components 'in the fore-and-aft and 
athwartships directions of the craft to pro- 125 
vide position error control signals and . 
wherem, for controlling the heading of the 
craft, a comparator is provided to give a 
heading eror signal by comparing the head- 
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ing of the craft as deteiimined by the com- 
pass with &e requiied heading set on a 
manual control. 

11. Apparatus as claimed in any of the 
preceding claims wherein the transponder is 
made as a self-powered portable unit 

12. Apparatus for controUang the posi- 
tion of a marine craft substantially as here- 



inbefore described mth reference to Figures 
1 and 2 or Hgures 1 and 3 of the accom- 10 
panying drawmgs. 

BOULT, WADE & TENNANT, 
Chartered Patent Agents, 
112 Hattcm Gaiden, 
London, ECIN SNA. 
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